The lasting psychological consequences of disasters are an important public health issue, especially for determining the support needed by victims. One important question in evaluating psychological consequences remains the assessment of individual disaster-related experiences or stressors. This article proposes two approaches towards the construction of cumulative exposure indicators (CEIs) for a disaster and discusses their relevance for other disasters. In 1997, we carried out a cross-sectional study of the association between the severity of exposure to a 1992 flood in southeastern France and the prevalence of psychological symptoms 5 years later. We interviewed 500 randomly selected subjects residing in one of the most affected municipalities and constructed two CEIs: one based on relevant articles in the literature and the second based on the results of a principal component analysis (PCA) of all the items exploring exposure to the flood. We compared these CEIs with a map of flood damage and tested the association between these indicators and a score of post-traumatic stress symptoms. Most of the subjects (79.1%) had been exposed to at least one stressor besides physical presence. The two CEIs were significantly correlated with one another; comparisons with the map showed that both had good ability to discriminate between mild and severe exposure. Multiple regression analyses showed a significant exposure-effect relation, of the same level of magnitude and significance, between the posttraumatic stress disorder score and each CEI. Our results show the appropriateness of such indicators in assessing the effect of cumulative stress from natural disasters. Guidelines should be developed to improve the comparability of instruments and help standardize methods for evaluating cumulative stress from disasters insofar as possible. Further research is nonetheless necessary to assess the consistency and reproducibility of the data collected.
Introduction
Over the past 40 years, numerous epidemiological studies have examined the psychological consequences of natural and man-made disasters. Overall, these studies have shown that disasters can induce short-and long-term psychological disorders (PD) such as posttraumatic stress symptoms, anxiety, depression, and alcohol dependence and abuse (Bromet and Dew, 1995) . Stress-related psychological disorders may be understood and studied in the framework of two principal theories of stress, which are not mutually exclusive. Appraisal-based theories depict stress as the primary outcome of personal appraisal, while resource-based theories ''embed'' appraisals into the ''social context in which individuals find themselves'' (Hobfoll, 2001 ). In the latter, disaster-related experiences such as bereavement, threat of death, threat to one's own and close relatives' health, property damage (house, belongings, cary), and their familial and social consequences (loss of family or financial stability, job loss, etc.) may be viewed as the loss or threatened loss of resources. These stressors may induce psychological distress, as several studies have confirmed (Hobfoll, 2001) . This theory support a hypothesis that cumulative stressors may be associated with an increased risk of, and more severe, PD.
Nonetheless, the interpretation and comparison of the results of the studies addressing the psychological outcome of disasters remain difficult. Even harder is the assessment (and prediction) of the types and risks of PD according to the kind and severity of disaster stressors. Results depend in large part on the methods used (Rubonis and Bickman, 1991) .
Assessing stressors experienced by individuals during and immediately after a disaster remains an important problem in the study of their psychological impact. In 2002, a Medline search (of the following key words: natural disaster, exposure assessment, instrument, mental health) found few articles addressing this specific issue (Rubonis and Bickman, 1991; Baum et al., 1993; Carr et al., 1997) . There are four principal methodological problems. First, the same experience may be apprehended very differently from one individual to another as a function, in particular, of his or her coping style; in addition, individual reports can depend on the person's psychological and emotional state at the moment they are questioned (Baum et al., 1983) ; these questions raise the problems of reproducibility and reliability of the information collected. Second, to establish a causal link between the postdisaster PD and a disaster-related experience, ''exposureeffect'' relations must be tested and thus the intensity and severity of cumulative exposure to disaster stressors must be quantified. Third, cognitive variables such as trait anxiety or risk perception (e.g. opinion on disaster toll) may be important mediators in the relation between disaster exposure and subjective health problems and should be taken into account as potential confounding factors in models studying this relation (Havenaar et al., 2001 ). Lastly, although many studies of natural disasters have investigated the same stressors, their instruments differed in structure, item number, content, spelling and available responses (Shore et al., 1986; Freedy et al., 1992; Grace et al., 1993; Green, 1993; Carr et al., 1995 Carr et al., , 1997 Armenian et al., 2000; Briere and Elliott, 2000; Ginexi et al., 2000; Hobfoll, 2001) ; this suggests the usefulness of standardizing approaches in the design of instruments, especially individual questionnaires, to evaluate disaster-associated stressors.
In September 1992, a severe flood occurred in southeastern France; it affected 63 municipalities and resulted in a toll of 38 persons dead and four missing. A retrospective crosssectional study was carried out in 1997 to study the association between the severity of psychological exposure to this flood and symptoms of post-traumatic stress disorder (PTSD) 5 years later.
In this article we propose two approaches to the evaluation of self-reported cumulative stress to a natural disaster (cumulative exposure indicator, CEI) and to the assessment of its psychological impact. We compare them to an ''external'' indicator for the purpose of evaluating the reliability of self-reported information regarding disaster stressors. We study the association between these indicators and the frequency and severity of PTSD symptoms and test the potential confounding effect of a marker of the subjects' perception of the flood's effects. The extent to which these CEIs can be applied after disasters and the need for guidelines to develop such approaches are discussed.
Methods

Population
The survey took place from 28 June through 16 July 1997 at Be´darrides (Provence, southeastern France), one of the municipalities most affected by the disaster. It was chosen after a feasibility study showed that its population had remained stable since the event and was willing to participate in the study. It included only those whose principal residence was in Be´darrides in 1992 and who were at least 18 years old at the moment of disaster. The households were randomly drawn from the 1997 telephone directory. The ''birthday'' method (Oldendick et al., 1988 ) was used to select one individual per household, whom professional interviewers questioned by telephone.
Questionnaire
A questionnaire was drafted in accordance with published recommendations (Baum et al., 1993) . The 30-item section about disaster-related experiences or stressors was based on a review of articles published on natural disaster. Information on significant events that occurred during the flooding was also collected from a review of local newspapers and with semistructured interviews of local officials and inhabitants who had lived through the flood. An open-ended question was included to ask the subjects to estimate the global death toll of the flood to test the possibility that an association between the subject's self-reported experiences of the flood and PD was confounded by his or her perception of its consequences (Havenaar et al., 2001) . PTSD symptoms were evaluated with a 22-item standardized instrument based on DSM IV criteria (APA, 1994; Sydor and Philippot, 1996) . Symptoms were rated on a 5-point intensity scale (0 ¼ not at all to 4 ¼ very much). The internal consistency of the questionnaire was good (Cronbach's a 0.93), and a confirmatory factorial analysis showed good fit between the instrument and the DSM-IV structure of PTSD (personal communication). Analyses were based on a global PTSD score, which was obtained by adding together the scores of each item. Finally, the questionnaire included a section of social and demographic questions; it also asked about psychiatric history as well as traumatic life events.
External Exposure Indicator
The flood damage was mapped in 1992 by the Vaucluse Agricultural and Forest Department. Two zones were distinguished: one flooded, the other not. The 1997 place of residence of all the households in the data base was located in relation to the flood zone before the random selection and was considered an external exposure indicator.
CEIs
Exposure to stressors was constructed by grouping together the 30 items exploring similar experiences or stressors. For each stressor type, an exposure score was calculated. A score of cumulative exposure to stressors (CEI 1 ) was established by summing the scores for each stressor. A ''simpler'' indicator (CEI 2 ) was constructed from a limited number of items selected after a principal component analysis (PCA) with Varimax rotation of the 30 items in the first CEI (Kaiser, 1958) . For each component, the item with the highest ''loading'' was retained; these were summed to calculate a CEI 2 score.
Statistical Analysis
The Cohen k statistic (Cohen, 1960) was used to measure the agreement between the location of the subjects' homes on the map and their responses to specific items. A Spearman rank test examined the correlation between the two indicators. Analysis of variance tested associations between the indicators and PTSD score with the estimated death toll. To compare the ability of these indicators to discriminate between severe and mild exposure, a receiver operating characteristic (ROC) analysis was performed with different cutoff points by comparing the CEIs to the external exposure indicator; we calculated the area under the ROC plot to evaluate their discriminative ability (Swets, 1979; Altman, 1991) . Finally, three general linear models were used to test associations between the PTSD score and exposure to the flood according to the map, CEI 1 or CEI 2 . As the distribution of the PTSD score was asymmetric to the left, analyses were carried out after log transformation of the variable. All the models were adjusted for age, gender, psychiatric history, other traumatic life events and income. Statistical analyses were performed with SPSS (1998).
Results
In total, 500 subjects were interviewed, for a response rate of 79%. The sample included 274 women (54.8%); 100 subjects were younger than 35 years (20%), 218 were in the 35-54 years age category (43.6%) and 182 were older than 54 years (36.4%); 343 were married or living with a partner (68.6%) and 157 were single, divorced or widowed (31.4%). The monthly income of subjects' households was below 2287 Euros for 79.4% of the sample (average in France in 1997 : 2335 . Comparisons between the community population and the sample showed generally satisfactory correspondence for demographic indicators, although younger subjects were slightly under-represented in the sample.
Description of Exposure
At the moment of the flood, 479 subjects (95.8%) were present in the village and 379 (79.1%) reported exposure to at least one stressor besides physical presence (Table 1) . Of the 21 subjects away at the moment of the flood, nine (42.6%) were also affected by the flood. The most common stressor besides physical presence was property damage, which affected 327 subjects (65.4%). In all, 18 subjects (3.6%) reported the death of a close friend or relative. In all, 31 of the interviewees (6.2%) reported undergoing treatment for a medical problem related to the flood: these included traumas, fractures or wounds (seven cases), otorhinolaryngological, respiratory, or digestive disorders (17 cases), skin disorders (four cases) and cardiac problems (six cases) (multiple responses were possible). Only two people were hospitalized because of the flood.
CEIs
Seven types of stressors were used to construct CEI 1 (Table 1) . The CEI 1 scores ranged from 0 to 11 (median ¼ 4, SD ¼ 2.5). The CEI 1 was transformed into a four-level classification (Table 1) . The PCA results found that five factors (Table 2 ) explained 38.6% of the inertia. The five items with the highest loadings were retained to construct CEI 2 (Table 2) , the score of which ranged from 0 to 4 Assessment of exposure to a flood disaster Verger et al (median ¼ 1, SD ¼ 0.9). The Spearman rank correlation between CEI 1 and CEI 2 was 0.78 (Po10 À3 ).
Consistency of Self-reported Exposure and the Map
There was good consistency between the responses to the items ''damage to home'' and ''monetary value of property damage'', recoded dichotomously (k ¼ 0.70). The agreement between the subjects' reports of damage to their homes and the mapping carried out in 1992 was moderate (k ¼ 0.55). All stressor types, except ''endangerment'', were significantly more frequent and more severe in the flooded areas (Po10 À3 , Table 1 ). Both cumulative indicators were significantly higher for subjects residing in the flooded zone (Po10
À3
). With the cutoff at 1 for both the indicators, the probability of obtaining a positive result for the residents of the flooded area (external indicator) compared with residents of the nonflooded area was higher for CEI 2 than for CEI 1 (likelihood ratio were 4.72 and 4.05, respectively). Both CEIs showed good predictive values with an area under the ROC plot equal to 0.78 for each (0.5 indicating a lack of discrimination and 1.0, perfect discrimination).
Association between PTSD Score and Exposure Indicators
The PTSD score was significantly higher in women, in the 35-54 and 54+ years age categories, in the category with the lowest incomes, in those with a psychiatric history than in the other respective categories. It was significantly associated with CEI 1 and with CEI 2 (Table 3 ). There was a significant exposure-effect with both the indicators: the PTSD score increased significantly when the successive exposure categories were compared with one another (Po10 À3 ). The estimated parameters associated with each category of the CEI 1 and CEI 2 and their level of significance were very similar. CEI 2 was not significantly associated with the variable ''estimation of the death toll'' (P ¼ 0.10, Table 4 ), but the CEI 1 score was significantly lower among those who underestimated the flood's death toll and significantly higher among those who overestimated it (Po10
À3
). Most of the stressor types were also associated with this variable (endangerment, assistance during the flood, physical presence, evacuation and effect on work) as was the PTSD score (Table 4) . Adjusting for the variable ''estimation of the death toll'' did not change the results about the association between CEI 1 and the PTSD score (Table 3) . 
Discussion
Reliability of Self-reported 1992 Flood Experiences
The consistency of the answers to items exploring the same kind of stressors was good, as was that between location on the flood map and subjects' reports about the material repercussions of the flood and that of the responses between the ''monetary value of property damage'' and ''damage to home''. We found less consistency between the answers about home damage and the home's location on the flood map, which was established independently. Three quarters of the discordant responses (n ¼ 108) came, nonetheless, from people who reported that their homes had not been flooded, contrary to the map's indications: some misclassifications are probably related to the map's imprecision. The medical problems reported in this study other than trauma, fractures and wounds cannot be attributed with any certainty to the flood. Nonetheless, respiratory disorders as well as those affecting the ear, nose, and throat and the heart have been reported after floods and other natural disasters (Katsouyanni et al., 1986; Duclos et al., 1991) . The subjects' reports of their disaster-related experiences are by nature subjective and were collected retrospectively, 5 years after the event in this study: they may not be entirely reliable. Nonetheless, the published research shows that good recall of factual information about disaster experiences is possible over long periods of time (Baum et al., 1993) . The strong association of the map with the CEIs provides a global validation of the subjects' reports and confirms to some extent the feasibility of assessing retrospectively factual experiences related to a disaster.
Nonetheless, maps of harm inflicted to communities are limited because they do not reflect individual experiences and the way they are perceived. This may explain the lower strength of the association between the external indicator and the PTSD score and the smaller adjusted R 2 of the corresponding regression model (Table 3) . The CEIs were highly correlated and had very similar predictive values (ROC analysis) although their distributions were somewhat different. The PCA allowed us to identify and regroup the most important kinds of stressors in our analysis; the components identified were consistent with knowledge drawn from the literature (Baum et al., 1993) . It also underlined the importance of a less expected stressor: the loss of pets. In both approaches, we could observe a very significant exposure-effect relation, which reinforces the validity of our results.
The extent to which the CEI approach could be used in other disasters of natural or human origins should be tested. To our knowledge, there have been few attempts to address this issue (Freedy et al., 1994; Carr et al., 1995; Armenian et al., 2000) . An approach similar to ours was used in a longitudinal study conducted in the aftermath of the 1993 floods in the US Midwest. An additive impact indicator was constructed from a series of 19 dichotomous items (yes/no) exploring self-reported experiences of evacuation, loss of work, loss of income, personal injury or injury of relatives and property damage (Ginexi et al., 2000) . A multiple linear regression, adjusted in particular for age, gender, income and level of predisaster psychological symptoms, showed a significant association with the impact indicator (Po0.001). The R 2 of the model (R 2 ¼ 0.34) was similar to our results with CEI 1 and the PTSD score. For the most exposed subjects (impact indicator Z mean+1 SD), reported psychological symptoms increased by a factor 2.2-4.8 compared with those least exposed.
Potential Confounding by Risk Perception
The retrospective collection of data about exposure in a mental health survey may be a source of recall and reporting bias (Gibbs, 1989; Baum et al., 1993; Bromet and Dew, 1995; McNally, 1997) . Reporting bias is generally stronger among those with a more negative risk perception of the event under consideration (Roht et al., 1985; Watson and Pennebaker, 1989) . For example, the link between psychological symptom scores and exposure to Chernobyl fallout decreased significantly after adjusting for cognitive variables such as the perception of the contamination risk in exposed areas (Havenaar et al., 2001) . The possibility of such a confounding effect in our study is suggested by the association observed between CEI 1 and PTSD score on the one hand, and the estimated death toll from the flood on the other hand (Table 4) . However, adjusting for this variable did not significantly affect the relation between the PTSD score and CEI 1 even though parameter estimates were slightly lower (Table 3) .
Standardizing Assessment of Disaster Stressors?
Although disasters differ widely and each disaster study has its own specificities, they may have common characteristics and stressors from the point of view of the study of PD: for example, the chemical explosion in Toulouse in 2001 (France) shared stressors with natural disasters: bereavement, threat to life, extensive property damage, displacement, injuries (CIRE, 2002) . These commonalities should make it possible to propose guidelines to help standardize, at least somewhat, the design of methods and instruments for evaluating exposure to different kinds of stressors and cumulative stress and thus improve the comparability of studies. Designing these guidelines should be a part of disaster research planning. Further research is also necessary to improve the consistency and reproducibility of the data collected about exposure to disaster stressors.
Our study shows a very strong association between the frequency and severity of PTSD symptoms and the cumulative stress from a flood 5 years earlier. Our analyses have shown that information collected after such a long time was reasonably reliable, that the exposure-effect relation observed was reproducible with two different approaches to the evaluation of cumulative exposure stress and not confounded by such cognitive variables as risk perception. These elements provide evidence of a long-term psychological effect from the 1992 flood and further support to resourcebased stress theories.
